In my previous column (Cereal Foods World, May-June 2014), I began a discussion of the heat and mass balances that describe the performance of extruder preconditioners. The discussion concluded with a calculation of the steam required to obtain a specified moisture and temperature for the exiting product. The calculations illustrated that the amount of steam used in the preconditioner should not exceed ≈10% of the weight of the raw material being fed into the preconditioner. In this column I will discuss some of the other factors in heat and mass balances.
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One term that appears in the preconditioner heat balance is the term accounting for heat losses, which may contribute to scale-up issues. If we assume a preconditioner manufacturer tends to scale up with geometric similarity (note, this may not be true for all manufacturers), then the surface area of the preconditioner tends to increase with the square of the diameter, and the capacity tends increase with the cube of the diameter. As a consequence, the area of heat transfer per unit of mass processed is a lot larger for a small preconditioner than it is for a larger preconditioner. This means the heat losses are disproportionally large for a small extruder. If we wish to produce a product with the same moisture and temperature, then the required ratio of added steam to added water will change when the preconditioner is scaled up. In other words, we cannot blindly run the same steam and water rates on all scales and expect the same results. The approximate steam and water rates required to reach 90°C and the same product moisture for preconditioners with different capacities are illustrated below. I am using the same assumptions that I used in the previous column for the conditions. The capacity of this preconditioner is assumed to be 100 kg of dry material/hr. The required masses of steam (m s ) and water (m w ) per mass of dry solids for different flow rates are shown in Table I . As illustrated, the ratio of steam required to water decreases as the flow rate increases. Failure to make this adjustment for larger preconditioners will result in a warmer product.
Another very important item that appears in the heat balance is the quality of the steam. All the calculations performed thus far assume that the quality of the steam is 100%. That is, it's assumed that the steam being used is pure vapor with no suspended condensate (water). However, it's been my experience that this is not usually even close to the truth, especially in small preconditioners in which the surface area of the piping carrying the steam is high compared with the flow rate of the steam. A lack of steam quality can have a dramatic effect on temperature. Table II illustrates the impact of steam quality for a 100 kg/hr preconditioner with a target temperature of 90°C.
Ultimately, poor quality steam can result in a much cooler, less cooked product. To maximize steam quality, one should be sure that the system has good separators in the steam lines. I recommend that steam lines be traced, so condensation does not occur.
In my last column, I suggested that adding hot water would result in higher temperatures or reduced steam requirements. The effect of this addition is relatively small, however, because the heat of vaporization is so large compared with the heat capacity of water. Using the previous example, Table III shows the effect of water temperature when steam quality is 100%. Based on the values in Table III , at most, we can replace ≈20% of the heat provided by the steam with heat from hot water.
Finally, in my previous column, I assumed that 25% of the gelatinizable or denaturable material is gelatinized or denatured. Increasing or decreasing the level of gelatinization or denaturation between 0 and 50% would have a small effect (Table IV) .
All of these heat and mass balance calculations can be reversed to obtain the final temperature of the product at a fixed steam to water ratio. I leave those calculations as an exercise for the reader.
